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Chapter 4. General Conciusions 
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The recognition of guest species by a host molecule which can selectively bind with the *0+uest molecule or ions via 
speclfic interaction is calied " host-guest chemistry ". The host-guest chemistry has recently been elegantiy extended 
into supramolecular chemistry, because it created more sophistlcated receptor systems such as cryptands, spherands, 
and caiixarenes as well as self-assembly and self-ol'ganizatlon systems such as catenanes, rotaxanes. Based on the 
host-guest and supramolecular chemistry, we have shown novel molecLilar recognition systems of l) simultaneous 
salt recognition and 2) supramolecuiar sensing function in the present stuciy. 
In chapter l.we have introduced the host-guest and supramolecular chemistry from the historic discovery to 
scientlfic definition passing* to the recent advancement in this field. As general background, we classified the 
receptoi~s into three categories of l) cation recognition, 2) anion recognition, and 3) molecular recognition, 
respectively. For cation reco_~nition, crown ether receptors with their specifications and their corresponding 
molecular dimentions with complexation mechanism have been summarized. For anion recognition, the st[~ucture 
and function of positively charged anion receptors and neutral anion receptors have been introduced. For moiecular 
recognition, the function of cyclodextrins (CyDs) have been summarized as an example of natural host molecules, 
which can fornl Inclusion complexes with many or*cr*anic guest molecLiles by binding these guests into the inner 
cavities of CyDs. As a motivation of thls study, an importance of receptors for constructint~cr separatlon and sensing 
function in anaiytlcal chemistry has been demonstrated. In this study, two topics regrarding simultaneous salt 
recognition and supramolecular sensing function have been summarized on the basis of the host-guest and 
supramolecu I ar chem i stry . 
In chapter 2, a sinlullaneous extraction of aikali metal salts by c]'own ether as cation binder and thiourea as anion 
binder have been examined. In combination with an ion-pair extraction of potassium salts by dicyclohexyl-18-
crown-6 (DCl8C6), which is well known as a useful binder for K ' ion, extraction behavior of various anions has 
been evaluated in the presence and absence of aulion receptor, diohenyl thiourea (DPTU). The resu]ts for exti'action 
behavior of anions from aclueous phase into nitrobenzene containing DCl8C6 and DPTU reveal that the extraction 
selectivity ofanlon species follows a Hot'meisler s'erlcs : NO:; > Br~ > C1 > OAC . The extractabiiity of KCI by 
DCl8C6 is found to be sig*nificzmtly cnhanced upon addition of DPTU in nitrobenzene soution. The slope analysls 
of the extraction equilibrium reveals a l:1 complex formation between DPTU anci Cl anion. The hydrogen 
bondin*cr_ jnleraction of DPTU wilh Cl is confi['med b), IHNMR imalyses in dr,~nilrobenzene. Qualitative evaluation 
is also carried out by examinlng IH NMR specLra i'or solid-liquid ext['action of KCI into d~-nitrobenzene containing 
DPTU and DCl8C6. Similar to the liqL]id-liquid extraction system, an efflc{ent synergistic et'fect of DPTU for 
extraction of KCI is clarified in this study (Fig.1). 
In chapter 3. the crown ether azoprobes 2a and 2e as well as an~additional reference pi'obe 2d have been 
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Fig'l possible structure of extracted species in simultaneous sait reco~cr~'nition' 
synthesized based on a conventional azo-couplin_~* method. We have examined a supramplecular sensing fL]nction of 
crown ether azoprobe 2a/y -CyD complex in 20 o/o CH:iCN-80 o/b water (.v/v) with IH NMR and UV-Vis analysls 
under the similar expe]'imental condition. The effect of 7 -CyD concentrations on the fonTlation of 2a/7 -CyD 
complex are first studied. For IH NMR analysis, all phenyl protons of 2a shifts to a higher magnetic field upon 
addition of 7 -CyD. This highfield shift is found to be significantly accelerated by the presence of potassium ion in 
solution, indicating the fonTlation of a 2 : I complex of 2a with K'ion inside the cavity of y -CyD. From the effect 
of y -CyD concentration on UV-Vis spectra of 2a, Ihe equilibrium analysis is can'ied out. The results reveal a 2 : 1 
complex forr]1ation between 2a and y -CyD, res pectively. From curve fitting analysls, the binding constants of 2 
l inclusion complex (K21) are calculated as follws, K~1 = 1.0xlO'M ! jn the presence of 0.lO M Na ' , and 
K,_,1=4.lxlO"M ~~jn the presence of 0.lO M K '. Thus the 2 : I inclusion complex fonnation between 2a and 7 -
CyD is apparently enhanced in the presence of K '(ca. 4 times). Since there is a possibi]ity of forming 2 : 2 (2a/y -
CyD) complex, the Job's plot analysis is also can'ied out to determine their complex species stoichiometry. For IH 
NMR system, the Job's plot shows an innection point at 0.33 for [ 7 -CyD] /( [ y -CyD] + [2a]) value. This result 
clearly demonstrates the fonT]zrtion of a 2 : I inclusion complex of 2a with y -CyD. For UV-Vis spectra, the 
subtracted peaks exhibit a dilT]er specu'a of 2a inside y -CyD Thus the Job's plot analysis' is ca]'ried out by using a 
relationship of the subtr'acted spectra'at 410 nm as a function of [ y -CyD]/( [ y -CyD] + [2a]) values. Similar to 
tlle resuit of IH NMR analysis, the inflection point is obse]~ved at around 0.33 of ~ 7 -CyD] /([ y -CyD] + [2a]) 
value; this again indicates lhe stoichiomet]'y of a 2 : I comp]ex between 2a and y -CyD in the presence of K ' ion. 
SupramolecL]lar function of 2a/7 -CyD complex sensor for alkali metal cation recognition hLIS also been 
eva]uated. The effect of Na ' and K concentration upon UV-Vis spectra reveals a selective response for K ' ion. 
Based on the itssumption that the spectral change is only induced by the fo['mation ol' 2 : I complex belwcen 2a and 
Inetal ion inside y -CyD cavity, the curve fitting analys[s is carried out to determine the apparenl 2 : I binding 
constant (K.) ol' 2a with K ' inside 7 -CyD. The calculated curve i'its well with thc obs_'erved dat,'t and the K, va]ue is 
detelTnined to be 4026 M !(R= O.999) for K ~ ion. In this system, the K, value for Na ' ion coLi]d not be obtained 
due to a low bindlng abllity of Na ' ion. ThuS high selectivity for K ~ is achieved by 2a/y -CyD complex sensor in 
20 ~ CH3CN 800/0 watel (v/v) These beh lvlol ale In conslstent wlth the supramolecular function observed for 




























Inclusion compiex between Bl~;C15 probe (2a ) and 








y -cyclodextrin ( 7 -CyD) 
These resuits demonstrate that the Inajor component for K ' ion response in water 
with K ' and y -CyD, respectively (Fig.2). These findings successfully ciarify the 
ether azoprobr/y -CyD complexes for selective aikali metal ion recognition in water 
solutions. 




l : I complex of 2a 
mechanism of crown 
as in aqueous organic 
In chapter 4, as general conclusions for separation and sensing function of crown ether and thiourea receptors 
based on host guest and supramo[ecular chemistry in this thesis, the ['esults for simultaneous extraction of a]ka]i 
metal salts by crown ether as cation binder and thiourea as anion binder (chapter 2) and crown ether azoprobe/y -
cyclodextrin complex sensors for alkali metal ion reco_~nition in water (chapter 3) have been summarized together 
with a brief sulnmary' of introduction (chapter I ). 
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 論文審査の結果の要旨
 ホストーゲスト化学および超分子化学に基づいて,クラウンエーテルとチオ尿素レセプターを用いるア
 ルカリ金属塩の同時認識,およびクラウンエーテル型アゾ色素/シクロデキストリン(CyD)複合体の超
 分子センシング機能に関する研究を行った。
 まずアルカリ金属塩に対する同時認識機能として,アニオンレセプターとして機能するジフェニルチ
 オ尿素(DPTU)存在下において,K+イオン結合剤であるジシクロヘキシル18一クラウンー6(DC18C6)によ
 るカリウム塩の水相からニトロベンゼン相へのイオン対抽出挙動を調べた結果,DC18C6によるKC]の抽
 出能が,DPTUの添加により著しく増加することを見出した。平衡論の解析から,DPTUとCl■イオンが
 1:1の錯体を形成することがわかった。重ニトロベンゼン中での!H-NMRの解析により,DPTUとCしの
 相互作用が水素結合に基づくことを明らかにした。DPTUとDC18C6を含む重ニトロベンゼン中でのKC1
 の固相抽出に対する1H-NMRの解析からも,DC18C6とDPTUの同時認識機能を明らかにすることができ
 た。
 次に超分子センサーとしてのクラウンエーテル型アゾ色素2aとγ一CyDとの複合体のイオン認識機能を
 明らかにするために,1H-NMRと紫外・可視吸収スペクトルによる評価を,20%アセトニトリル水溶液中
 で行った。Na+およびK+イオン存在下でのγ一CyDの添加に基づく1H-NMRの解析では,2aのフェニルプ
 ロトンは全て高磁場シフトを示すことから,2aがγ一CyDと2:1の包接錯体を形成すると予測した。[H-
 NMRと紫外・可視吸収スペクトルに基づくJobプロット解析から,予測した2aとγ一cyDの2:1包接錯
 体生成を初めて確認することができた。γ一CyD存在下での2aのモノマーとダイマーの吸収スペクトル強
 度比に与えるNa+とK+の添加効果を調べた結果,スペクトル変化は,2aと金属イオンの2:1錯形成機構
 で解析することができた。Na+イオンに対する1,趣答は全く見られず,優れたK+イオン選択性が得られるこ
 とを見出した。以上のように,水中での2a/γ一CyD複合体の詳細な応答機構を明らかにすることができた。
 以上の研究成果は論文提出者が自立して研究活動を行なうに必要な高度の研究能力と学識を有するこ
 とを示している。したがく)て,MuradM1habMohamad提出の論文は,博士(理学)の学位論文として合
 格と認める。・
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